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(57) ABSTRACT 

A method and system for beam forming signal transmission 
under a per-antenna power constraint is presented. In one 
aspect, a multiple input multiple output (MIMO) transmitting 
station may compute a per-antenna power gain factor for each 
of a plurality of transmit chain signals. The transmit chain 
signals may be concurrently transmitted by a plurality of 
transmitting antennas at the MIMO transmitting station. The 
plurality of transmit chain signals may correspond to beam 
forming signals, which are generated by performing spatial 
mapping on a plurality of space-time signals. The plurality of 
power gain factors may be computed based on a per-antenna 
power constraint. Alternatively, the plurality of power gain 
factors may be computed based on joint per-antenna power 
and total-power constraints. Each of the transmit chain sig 
nals may be amplified or attenuated based on the correspond 
ing antenna gain factor. The amplified or attenuated signal is 
then transmitted by the corresponding transmitting antenna. 
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METHOD AND SYSTEM FOR 
BEAMFORMING SIGNAL TRANSMISSION 

UNDER A PER-ANTENNA POWER 
CONSTRAINT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS/INCORPORATION BY 

REFERENCE 

0001. This application makes reference to, claims priority 
to, and claims the benefit of U.S. Provisional Application Ser. 
No. 61/306.427 filed Feb. 19, 2010, which is hereby incorpo 
rated herein by reference in its entirety. 
0002 This application makes reference to U.S. applica 
tion Ser. No. 12/246.206 filed Oct. 6, 2008, which is hereby 
incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

0003 Certain embodiments of the invention relate to com 
munication networks. More specifically, certain embodi 
ments of the invention relate to a method and system for 
beam forming signal transmission under a per-antenna power 
constraint. 

BACKGROUND OF THE INVENTION 

0004 Multiple input multiple output (MIMO) systems 
enable high speed wireless communications by concurrently 
transmitting a plurality of Nss data streams using a plurality 
of N. transmitting antennas at a transmitting station. The 
concurrently transmitted data streams may be received at a 
receiving station using a plurality of N receiving antennas. 
The IEEE 802.11n specification contains specifications for 
the use of MIMO systems in wireless local area networks 
(LAN). 
0005. In wireless LANs utilizing multiple transmit anten 
nas, the radiating powerfor signals transmitted by a transmit 
ting station may be limited by a total-power constraint or a 
per-antenna power constraint, or a combination of the two. A 
total-power constraint may set an upper limit on the total 
radiating power across all transmitting antennas at a transmit 
ting station, while a per-antenna power constraint may set an 
upper limit on the radiating power emitted from any single 
antenna at the transmitting station. 
0006. A total-power constraint usually results from regu 
lations governing a given geographical region and/or fre 
quency band. The total-power constraint may be represented 
by a maximum total-power level parameter, P. A per 
antenna power constraint usually results from limitations in 
the radio transmitter circuitry at the transmitting station (for 
example, a power amplifier may create unacceptable levels of 
distortion when the radiated power level from a given antenna 
exceeds the per-antenna power constraint. The per-antenna 
power constraint may be represented by a maximum per 
antenna power level parameter, P. Depending on the capa 
bilities of the transmitting station and/or applicable regula 
tions, one or both of these constraints may apply for 
communication between wireless devices, for example com 
municating stations in a wireless LAN. Some popular wire 
less LAN standards are designed to operate under a total 
power constraint and may perform poorly when operating 
under a per-antenna power constraint. 
0007 Further limitations and disadvantages of conven 
tional and traditional approaches will become apparent to one 
of skill in the art, through comparison of Such systems with 
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Some aspects of the present invention as set forth in the 
remainder of the present application with reference to the 
drawings. 

BRIEF SUMMARY OF THE INVENTION 

0008. A method and system for beam forming signal trans 
mission under a per-antenna power constraint, Substantially 
as shown in and/or described in connection with at least one 
of the figures, as set forth more completely in the claims. 
0009. These and other advantages, aspects and novel fea 
tures of the present invention, as well as details of an illus 
trated embodiment thereof, will be more fully understood 
from the following description and drawings. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

0010 FIG. 1 is a block diagram of an exemplary MIMO 
transceiver, which may be utilized in connection with an 
embodiment of the invention. 
0011 FIG. 2 is a block diagram of an exemplary MIMO 
system, which may be utilized in connection with an embodi 
ment of the invention. 
0012 FIG. 3 is a block diagram that illustrates exemplary 
beam forming signal transmission under a per-antenna power 
constraint, in accordance with an embodiment of the inven 
tion. 
0013 FIG. 4 is a flowchart that illustrates exemplary steps 
for beam forming signal transmission based on feedback 
information, in accordance with an embodiment of the inven 
tion. 
0014 FIG. 5 is a flowchart that illustrates exemplary steps 
for beam forming signal transmission, in accordance with an 
embodiment of the invention. 
0015 FIG. 6 is a flowchart that illustrates exemplary steps 
for adjusted beam forming signal transmission based on com 
puted per-antenna gain factors, in accordance with an 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0016 Certain embodiments of the invention may be found 
in a method and system for beam forming signal transmission 
under a per-antenna power constraint. Various embodiments 
of the invention comprise a method and system for computing 
a per-antenna power gain factor for each of a plurality of 
transmit chain signals that are concurrently transmitted by a 
corresponding plurality of transmitting antennas at a MIMO 
transmitting station. The plurality of transmit chain signals 
may correspond to beam forming signals, which are generated 
by performing spatial mapping on a plurality of space-time 
signals. The plurality of power gain factors may be computed 
based on a per-antenna power constraint. Alternatively, the 
plurality of power gain factors may be computed based on 
joint per-antenna power and total-power constraints. Each of 
the transmit chain signals may be amplified or attenuated 
based on the corresponding antenna gain factor. The ampli 
fied or attenuated signal is then transmitted by the corre 
sponding transmitting antenna. 
0017. In various embodiments of the invention, a transmit 
chain power level is computed for each of the transmit chain 
signals, T (where is is a transmit chain signal index). In 
various embodiments of the invention in which a per-antenna 
power constraint is applicable, a per-antenna power gain fac 
tor, C, may be computed for each transmit gain signal based 
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on the corresponding transmit chain signal power level, T. 
and the per-antenna power constraint, P., where the value 
P represents a maximum per-antenna threshold power 
level. 

0.018. In various embodiments of the invention in which 
joint per-antenna and total-power constraints are applicable, 
an antenna gain constant, k, may be computed based on the 
per-antenna power constraint, P., the total-power con 
Straint, P., and the aggregate transmit chain signal power 
for at least a portion of the plurality of transmit chain signals. 
The antenna gain factor, Cl, for each transmit chain signalis 
equal to the antenna gain constant, k, when the amplified 
transit chain signal power level (the transmit chain signal 
power. T. after amplification by the antennagain constant k) 
does not exceed the per-antenna power constraint P. When 
this condition is not met, the antenna gain factor for the 
transmit chain signal is computed based on the per-antenna 
power constraint. 
0019. In various embodiments of the invention, the maxi 
mum per-antenna threshold power level may be determined 
independently for each transmit chain, where P," repre 
sents the maximum per-antenna threshold power level for the 
iza" transmit chain. 
0020 Various embodiments of the invention may be prac 
ticed in a variety of communication systems in which a trans 
mitting station concurrently transmits a plurality of transmit 
chain signals. Exemplary embodiments of the invention may 
be practiced in single user MIMO (SU-MIMO) systems and 
multiple user MIMO (MU-MIMO) systems. 
0021 FIG. 1 is a block diagram of an exemplary MIMO 
transceiver, which may be utilized in connection with an 
embodiment of the invention. Referring to FIG. 1, there is 
shown a wireless transceiver station 102 and a plurality of 
antennas 132a ... 132n. The wireless transceiver station 102 
is an exemplary wireless communication device, which may 
be utilized at an access point (AP) device and/or at a station 
(STA) device (e.g., a client station or mobile user device) in a 
wireless communication system. The plurality of antennas 
132a ... 132n may enable the wireless transceiver station 102 
to concurrently transmit and/or receive signals, for example 
radio frequency (RF) signals, via a wireless communication 
medium. The wireless transceiver station 102 shown in FIG. 
1 may also be depicted as comprising one or more transmit 
ting antennas, which are coupled to the transmitter 116 and 
one or more receiving antennas, which may be coupled to the 
receiver 118 without loss of generality. 
0022. The exemplary wireless transceiver station 102 
comprises a processor 112, a memory 114, a transmitter 116. 
a receiver 118, a transmit and receive (TVR) switch 120 and an 
antenna matrix 122. The antenna matrix 122 may enable 
selection of one or more of the antennas 132a . . . 132n for 
transmitting and/or receiving signals at the wireless trans 
ceiver station 102. The T/R switch 120 may enable the 
antenna matrix 122 to be communicatively coupled to the 
transmitter 116 or receiver 118. When the T/R Switch 120 
enables communicative coupling between the transmitter 116 
and the antenna matrix 122, the selected antennas 132a . . . 
132n may be utilized for transmitting signals. When the T/R 
switch 120 enables communicative coupling between the 
receiver 118 and the antenna matrix 122, the selected anten 
nas 132a ... 132n may be utilized for receiving signals. 
0023 The transmitter 116 may enable the generation of 
signals, which may be transmitted via the selected antennas 
132a ... 132n. The transmitter 116 may generate signals by 
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performing coding functions, signal modulation and/or signal 
modulation. In various embodiments of the invention, the 
transmitter 116 may enable generation of signals using pre 
coding and/or beam forming techniques. The transmitter may 
also utilize one or more antenna gain factors that enable the 
transmission of beam forming signals under a per-antenna 
power constraint and/or a total-power constraint on the radi 
ated signal power transmitted from transmitting antennas 
132a,..., 132n. 
0024. The receiver 118 may enable the processing of sig 
nals received via the selected antennas 132a . . . 132n. The 
receiver 118 may generate databased on the received signals 
by performing signal amplification, signal demodulation and/ 
or decoding functions. In various embodiments of the inven 
tion, the receiver 118 may enable generation of data, which 
may be utilized by the transmitter 116 for precoding and/or 
beam forming of generated signals. 
0025. The processor 112 may enable the generation of 
transmitted data and/or the processing of received data. The 
processor 112 may generate data, which is utilized by the 
transmitter 116 to generate signals. The processor 112 may 
process data generated by the receiver 118. In various 
embodiments of the invention, in a node B, the processor 112 
may process data received by the receiver 118 and compute 
antenna gain factors, which may be utilized by the transmitter 
116 for precoding and/or beam forming of generated signals. 
The coefficient data may be stored in the memory 114. 
0026 FIG. 2 is a block diagram of an exemplary MIMO 
system, which may be utilized in connection with an embodi 
ment of the invention. Referring to FIG. 2, there is shown an 
AP 202 with a plurality of transmitting antennas 222a, 222b. 
. . . , 222n, a STA 232 with a plurality of antennas 242a . . . 
242n, and a communication medium 252. The AP 202 may 
comprise a spatial mapping block 212. The number of trans 
mitting antennas 222a, 222b,..., 222n may be represented by 
the quantity N. The antennas 242a ... 242n may be utilized 
for transmission and/or reception of signals at the STA 232. 
The AP 202 and/or the STA232 and/or spatial mapping block 
212 may comprise logic, circuitry and/or code that are oper 
able to perform one or more of the functions described herein. 
0027. As illustrated in FIG. 2, an exemplary spatial map 
ping block 212 may receive a plurality of space-time streams, 
S. S. ... , s (where Nss represents the number of space 
time streams). Each of the space-time streams may comprise 
a plurality of Ns carrier frequency tones (also referred to as 
subcarrier tones) that are within the channel bandwidth for a 
selected RF channel band. Spatial mapping block 212 may 
receive a plurality of Nss space-time streams for the k" 
Subcarrier tone, s. s.l.. . . . . s.lv and utilize a beam 
forming matrix, Q., to generate a plurality of N. transmit 
chain signals for the k" Subcarrier tone, |x|, |x|, . . . . 
XI. The transmit chain signals may be referred to as 
beam forming signals. The beam forming signals generated by 
the AP 202 may be transmitted via antennas 222a, 222b, ... 
, 222n. The transmitted signals may propagate through the 
communication medium 252 and Subsequently be received at 
the STA 232 via antennas 242a,..., 242n. In the communi 
cation illustrated in FIG. 2, AP 202, which generates the 
beam forming signals, may be referred to as a beam former and 
the STA 232, which receives the beam forming signals, may 
be referred to as a beam formee. 

0028. The matrix, Q. shown in FIG. 2, represents the plu 
rality of beam forming matrices, Q, computed for the plural 
ity of Ns. Subcarrier tones, where each matrix Q comprises 
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Na rows and Nss columns. An individual coefficientina Q. 
matrix may be referred tO by the notation IQinists (where it 
represents a transmit chain signal index and iss represents a 
space-time signal index). Beamforming matrix coefficient 
Qales may be utilized by the spatial mapping block 212 to 
generate a portion of transmit chain signals, based on 
space-time stream signals. 

SS 

0029. The matrix Q may be computed at the beam formee 
based on received signals from the beam former. The beam 
formee may then communicate the computed matrix Q to the 
beam former via feedback information. In various embodi 
ments of the invention, the matrix Q, which is utilized by the 
spatial mapping block 212, is generated based on the feed 
back information. Various methods may be utilized at the 
beam formee for computing the matrix Q, for example, sin 
gular value decomposition or maximum likelihood (ML) Sub 
space beam forming. A method and system for ML Subspace 
beam forming is disclosed in U.S. patent application Ser. No. 
12/246,206, filed on Oct. 6, 2008, which is incorporated 
herein by reference in its entirety. 
0030 FIG. 4 is a flowchart that illustrates exemplary steps 
for beam forming signal transmission based on feedback 
information, in accordance with an embodiment of the inven 
tion. Referring to FIG. 4, in step 402, a beam former, for 
example AP 202, may transmit one or more sounding frames 
to a beam formee, for example STA 232. The beam former 
may utilize Sounding frames such as those described in, for 
example, the IEEE 802.11n specification. In step 404, the 
beamformee may compute beam forming coefficients IQ. 

in a beam forming matrix Q, based on the received sound 
ing frames. The beam forming matrix may comprise a plural 
ity of beam forming coefficients IQ. In various 
embodiments of the invention, the beam forming matrix may 
be computed such that Q.'Q, I (where Q,' is a Hermitian 
transpose version of Q and I represents an identity matrix). In 
step 406, the beam formee may transmit the computed beam 
forming matrix to the beam former via feedback information. 
In an exemplary embodiment of the invention, the beam 
formee may transmit the computed beam forming matrix via 
compressed feedback information as, for example, described 
in the IEEE 802.11n specification. In step 408, the beam 
former may compute a plurality of antenna gain factors, Cl, 
based on the received feedback information. In step 410, the 
beam former may utilize the computed antenna gain factors 
C, to amplify or attenuate the beam formed transmit chain 
signals X, generated by spatial mapping block 212. 
0031 FIG. 3 is a block diagram that illustrates exemplary 
beam forming signal transmission under a per-antenna power 
constraint, in accordance with an embodiment of the inven 
tion. Referring to FIG. 3, there is shown a spatial mapping 
block 302 and a plurality of per-antenna amplifiers, 312a, 
312b, ..., 312m. The spatial mapping block and per-antenna 
amplifiers may comprise logic, circuitry and/or code within a 
beam former. The spatial mapping block 302 and/or per-an 
tenna amplifiers 312a, 312b, ... , 312m, may comprise suit 
able logic, circuitry and/or code that are operable to perform 
one or more of the functions disclosed herein. 

0032. As illustrated in FIG. 3, the spatial mapping block 
302 receives a plurality of Nss space-time stream signals, S. 
s2, ..., sy, and generates a plurality of Nix transmit chain 
signals x1, x2, . . . . xv. The spatial mapping block may 
generate the transmit chain signals based on a beam forming 
matrix Q. The plurality of Nitransmit chain signals X, X2,. 
.., xx are amplified by a corresponding plurality of Nix. 
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per-antenna amplifiers 312a, 312b, ... , 312n, to generate a 
plurality of Nix amplified signals x1, x2, . . . . & The 
amplified signals x1, x2, ..., xx may be transmitted by the 
AP 202 via antennas 222a, 222b, ..., 222n. As illustrated in 
FIG. 3, the amplifier 312a receives transmit chain signal X 
and generates amplified signal x based on the antenna power 
gain factor C., the amplifier 312b receives transmit chain 
signal X and generates amplified signal X based on the 
antenna power gain factor C and the amplifier 312m receives 
transmit chain signal xx, and generates amplified signal& 
based on the antenna power gain factor C. Referring to 
FIG. 3, for a given subcarrier tone, k, in the it" transmit 
chain, the amplified signals, may be represented as shown in 
the following equation: 

NSTS 1 

(i) = on X (10), is sel isTS ) 
STS= 

where the transmit chain signal X, may be represented as 
shown in the following equation: 

NSTS 2 

(x) = X (10), is sel isTS ) 
STS= 

where: Q. 0 for unused Subcarrier tones. kitxsists 
0033. Without loss of generality, in an exemplary embodi 
ment of the invention, the expected power level for space 
time signals sli. s.l.. . . . , sly may be assumed to be 
equal to unity (for example, E{sl}=1) for each subcar 
rier tone, k. Based on equations 1 and 2, the signal power 
level, P.I. or amplified signal XI, may be represented as 
shown in the following equation: 

(Pliny-Eifelists:-Clin E{?vilists: 3) 

where E{X} represents the expected value for X and IX 
represents the magnitude-squared value for X. 
0034. The per-antenna power constraint for the beam 
former may be represented as shown in the following equa 
tion: 

NSR 4 
PE. & X. Pix 

where the per-antenna radiated power from transmitting 
antennai,x, P is represented as shown in the following 
equation: 

NSR 5 
Pity = X. Pix 

k=-NSR 
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The total-power constraint for the beam former may be rep 
resented as shown in the following equation: 

NTx 6 
Potal 2 X. Pry 

iTX =l 

0035 Based on the foregoing, for each transmit chain a 
transmit chain power level, T. may be computed as shown 
in the following equation: 

NSTS NSR 2 (7) 

X. k 2. Olipyists 
STS=lk:WSR Try = 

TX NST 

where Ns, represents the number of Subcarrier tones, k, 
within a channel bandwidth and N represents the highest 
Subcarrier index value fork. The range of index values (-N, 
-N+1. . . . , -l, 1,..., NA-1, NA) comprises a plurality 
of Ns index values. 
10036) The transmit chain power level, T, as shown in 
equation 7 represents a normalized power level computed 
across the subcarrier tones within the channel bandwidth for 
the it" transmit chain. The transmit chain power level is 
computed based on the beam forming coefficients, IQ, 
for each space-time stream signal, s, which is utilized to 
generate transmit chain signal X, 
0037. In various embodiments of the invention, the 
antenna power gain factor C, may be computed for each 
transmit chain signal X, based on the per-antenna power 
constraint parameter, P', and the computed transmit 
chain power level, T., as shown in the following equation: 

8 
PE. 

iTX - T, 

0038. In various embodiments of the invention, the 
antenna gain factors C, may be computed as shown in equa 
tion 8 when the beam former transmits signals under a per 
antenna power constraint (equation 4) or when the per 
antenna constraint parameter, P.", is specified to ensure 
that the total-power constraint is met (for example, when 

NTx 
Potal 2 X. PE. 

0039 FIG.5 is a flowchart that illustrates exemplary steps 
for beam forming signal transmission, in accordance with an 
embodiment of the invention. When the beam former trans 
mits signals under a per-antenna power constraint (equation 
4) and under a total-power constraint (equation 6), in step 
502, an antenna clipping set, A, is initialized to comprise an 
empty set. The antenna clipping set A refers to the set of 
amplified signals x, for which the signal power level exceeds 
the per-antenna power constraint. In step 504, a transmit 
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chain index, it is initialized. In an exemplary embodiment of 
the invention the initial value i-1. In step 506, an antenna 
gain constant value, k, is computed as shown in the following 
equation: 

Ptot X. PTX. (9) 
ity A 

X Tity 
iTy EA 

where an aggregate power level for the antenna clipping set A: 

X PAX 10a 
iTx eA 

is computed by Summing individual maximum per-antenna 
power levels for transmit chains it, which belong to set A. An 
aggregate transmit chain power level: 

X Trx 10b 
iTy EA 

is computed that is by Summing individual transmit chain 
power levels, T (computed as shown inequation (7I), for the 
transmit chains, it (where it is a transmit chain index). 
which are not within the set A. In an exemplary embodiment 
of the invention, there is a plurality of (N-1A) transmit 
chains, which are not within set A, where |A| represents the 
number of elements in set A. 

0040 Steps 508, 510 and 512 comprise an inner loop in 
which per-antenna gain factors are iteratively computed for 
the plurality of Nitransmit chain signals. The value for the 
transit chain index, it is incremented with each pass through 
the inner loop. In step 508, a per-antenna gain factor, C, is 
computed for the izy" transmit chain (where the value is is 
based on the current value of the transmit chain index). In 
instances where the transmit chain it is not within set A, 
C, k (where k is computed as shown in equation [9]). In 
instances where the transmit chain it is within set A, the 
per-antenna gain factor, C, is computed under aper-antenna 
power constraint as shown in equation 8. Step 510 may 
determine whether there are remaining transmit chains for 
which a per-antenna gain factor is to be computed. In 
instances, at step 510, where there are remaining transmit 
chains, in step 512, the transmit chain index value is incre 
mented. Step 508 follows step 512 and a per-antenna gain 
factor is computed for the next transmit chain. In instances, at 
step 510, where there are no remaining transmit chains, in 
step 514, the current antenna clipping set, A, is stored as a set 
A. In step 516, an updated antenna clipping set is gener 
ated. The set of transmit chains, it within the updated set A 
comprise the set of transmit chains for which the amplified 
transmit chain power level. kT. (where T is as computed 
as shown inequation 7 and k is as computed inequation 9), 
exceeds the maximum per-antenna power level parameter, 
P". That is, the updated set A comprises transmit chains, 
it for which the amplified transmit chain power level. 
kT. exceeds the per-antenna power constraint. Step 518 
may determine whether transmit chains have been added in 
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the updated set A, relative to set A. In instances, at step 518. 
where no addition of transmit chains is detected in the 
updated set A, the computation of per-antenna gain factors 
may end. In various embodiments of the invention, the com 
putation of per-antenna gain factors may restart (for example, 
restarting from step 502) at a Subsequent time instant, for 
example after a beam former transmits one or more Subse 
quent Sounding frames to a beam formee. 
0041. In instances, at step 518, where AzA transmit 
chains have been added in the updated set A. Referring to FIG. 
5, an outer loop is performed when addition of transmit chains 
from the set A is detected in step 518. The outer loop is 
performed when step 504 follows step 518. At the beginning 
of each outer loop iteration, the transmit chain index is ini 
tialized in Step 504, a new antenna gain constant value is 
computed in step 506 as shown in equation 9), and the inner 
loop is again performed. 
0042. Various embodiments of the invention comprise a 
method and system for beam forming signal transmission 
under a power constraint. When the power constraint is a 
per-antenna power constraint, a beam former may compute a 
plurality of Nzy-per-antenna gain factors, C, each of which 
is computed as shown in equation 8. The plurality of per 
antenna gain factors may be utilized by a beam former as 
shown in FIG. 3. 

0043. When the power constraint is a joint per-antenna 
constraint and a total-power constraint, a beam former may 
compute a plurality of Ny-per-antenna gain factors, C, For 
transmit chains, it which exceed the per-antenna power 
constraint, the per-antenna gain factor is computed as shown 
in equation 8. For transmit chains, it which do not exceed 
the per-antenna power constraint, the per-antenna gain factor 
is computed as shown in equation 9. 
0044 One aspect of the antenna gain constant value, k, as 
computed in equation 9 is that an allocated aggregate power 
level is computed for the antennas that operate under the 
per-antenna power constraint. This aggregate power level is 
represented in equation 10a). In addition, a power headroom 
level, which may be referred to as the residual power, is 
computed. The power headroom level represents the amount 
of available total power that has not been allocated among 
antennas under the per-antenna power constraint. The power 
headroom level is represented in equation 9 as 

(a - X r) iTx A 

In effect, the antenna gain constant value, k, represents an 
allocation of the power headroom level among the remaining 
antennas. 

0045 Referring to FIG. 5, when the beam former operates 
under a joint per-antenna constraint and a total-power con 
straint, antennas within set A operate under a per-antenna 
constraint. After allocation of power among the antennas 
within set A, a power headroom level is determined based on 
the total-power constraint. The power headroom level is allo 
cated among the antennas that are not within set A. Accord 
ingly, antennas that are not within set A operate under a 
total-power constraint. 
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0046 Various embodiments of the invention comprise a 
method and system for fine tuning the coefficients within 
beam forming matrix, Q, based on the computed per-antenna 
gain factors. 
0047 FIG. 6 is a flowchart that illustrates exemplary steps 
for adjusted beam forming signal transmission based on com 
puted per-antenna gain factors, in accordance with an 
embodiment of the invention. Referring to FIG. 6, steps 402, 
404, 406, 408 and 410 are as described in FIG. 4. Referring to 
FIG. 6, following step 410, the beam formee receives beam 
forming signals from the beam former. The beam forming sig 
nals were generated by the beam former based on the com 
puted per-antenna gain factors, C. In step 612, the 
beam formee may compute fine tuning matrix, Q', based on 
the received signals. In various embodiments of the invention, 
the fine tuning matrix may be computed such that Q.'Q,'—I. 
In an exemplary embodiment of the invention, the fine tuning 
matrix Q, comprises a plurality of Nss rows and a plurality 
of Nss columns. In step 614, the beam formee may transmit 
the fine tuning matrix Q." to the beam former via feedback 
information. In step 616, the beam former may compute a 
combined beam forming matrix 69 QQ'. In various 
embodiments of the invention, the fine tuning matrix Q,' may 
be utilized by the beam former as a precoding matrix. In step 
618, the spatial mapping block 212, and/or spatial mapping 
block 302, may generate Subsequent beam forming signals 
based on the computed per-antenna gain factors, C, and the 
combined beam forming matrix 69. 
0048 Referring to FIG. 3, in various embodiments of the 
invention, the relationship among the signals may be repre 
sented as shown in the following equations: 

X = T. Q: QS 11 

X = T. X 12 
where: 

Sl 13 

S2 
S = | . 

SNSTS 

Cl 14 

O2 
T = | 

CNTy 

15 

2 
X = | 

NTx 

W 16 

X2 
X = 

WNTx 

and ToX represents the Hadamard product of vectors Tand X 
(such that ToX, TX). Q represents a beam forming matrix 
and Q represents a precoding matrix (where 69 QQ' rep 
resents a combined beam forming matrix). In various embodi 
ments of the invention, and referring to equations 11-16. 
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vectors T. S., X and/or X, and/or matrices Q and/or Q" may 
comprise real values and/or complex values. 
0049. In various embodiments of the invention, a proces 
Sor 112, utilized in connection with a transmitting station (for 
example, AP 202), may enable beam forming signal transmis 
sion under a per-antenna constraint. The processor 112 may 
enable determination of a transmit chain power level for each 
of a plurality of transmitting antennas (for example, transmit 
ting antennas 222a, 222b. . . . , 222n) at the transmitting 
station. The transmitting station may be referred to as a beam 
former. At the beam former, a number of clipping antennas 
(for example, transmit antennas that belong to set A, as 
referred to in FIG. 5), which are selected from the plurality of 
transmitting antennas, may be determined. For each of the 
selected transmitting antennas, an amplified power level may 
be greater thana maximum per-antenna threshold level, P 
'', as shown in step 516 (referring to FIG. 5). A per-antenna 
gain factor, Cl, for each of the clipping antennas may be 
determined based on the maximum per-antenna threshold 
level as shown in equation 8. A power headroom level. 

(a X. ri) iTx A 

may be determined based on a maximum total-power thresh 
old level, P, the maximum per-antenna threshold leveland 
on the number of clipping antennas as shown in equation 9. 
A non-clipping per-antenna per-antenna gain factor, C, may 
be determined for the plurality of transmitting antennas, after 
exclusion of the clipping antennas, based on the power head 
room level. 

0050. The transmit chain power level, T for each of the 
transmitting antennas, may be computed based on a Summa 
tion of a plurality of beamforming coefficients, IQ, 
shown in equation 7. The plurality of beam forming coeffi 
cients, Q may be generated at the beam former based 
on feedback information from a beam formee, for example, 
the STA232. The plurality of beam forming coefficients, IQ 

may correspond to the ity" transmitting antenna. The 
clipping antenna gain factor, C, may be computed based on 
a ratio of the maximum per-antenna threshold level and the 
transmit chain power level, T for each of the clipping anten 
nas as shown in equation 8. A transmit signal power level. X, 
may be computed for each of the clipping antennas based on 
a multiplicative product of the corresponding transmit chain 
power level, T, and the corresponding clipping per-antenna 
gain factor, C, as shown in equation 12 and in FIG. 3. 
0051. A set of non-clipping antennas may comprise the 
plurality of transmitting antennas after exclusion of the clip 
ping antennas. The non-clipping per-antenna gain factor, k, 
may be computed for each of the non-clipping antennas based 
on a ratio of the power headroom level and an aggregate 
transmit chain power level, as shown in equation 9. The 
aggregate transmit chain power level may be computed based 
on a Summation of individual transmit chain power levels, 
T, wherein each individual transmit chain power level cor 
responds to a non-clipping antenna in the set of non-clipping 
antennas. A transmit signal power level, X, may be computed 
for each of the non-clipping antennas based on a multiplica 
tive product of the corresponding transmit chain power level. 
T, and the non-clipping per-antennagain factor, k, as shown ix 

in equation 12 and in FIG. 3. 
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0.052 The amplified transmit chain power level may be 
computed for each of the transmitting antennas based on the 
non-clipping per-antenna gain factor, k, and the transmit 
chain power level, T. 
0053 Other embodiments of the invention may provide a 
non-transitory computer readable medium and/or storage 
medium, and/or a non-transitory machine readable medium 
and/or storage medium, having stored thereon, a machine 
code and/or a computer program having at least one code 
section executable by a machine and/or a computer, thereby 
causing the machine and/or computer to perform the steps as 
described herein for beam forming signal transmission under 
a per-antenna power constraint. 
0054 Accordingly, the present invention may be realized 
in hardware, Software, or a combination of hardware and 
software. The present invention may be realized in a central 
ized fashion in at least one computer system, or in a distrib 
uted fashion where different elements are spread across sev 
eral interconnected computer systems. Any kind of computer 
system or other apparatus adapted for carrying out the meth 
ods described herein is suited. A typical combination of hard 
ware and software may be a general-purpose computer sys 
tem with a computer program that, when being loaded and 
executed, controls the computer system Such that it carries out 
the methods described herein. 
0055. The present invention may also be embedded in a 
computer program product, which comprises all the features 
enabling the implementation of the methods described 
herein, and which when loaded in a computer system is able 
to carry out these methods. Computer program in the present 
context means any expression, in any language, code or nota 
tion, of a set of instructions intended to cause a system having 
an information processing capability to perform a particular 
function either directly or after either or both of the following: 
a) conversion to another language, code or notation; b) repro 
duction in a different material form. 

0056. While the present invention has been described with 
reference to certain embodiments, it will be understood by 
those skilled in the art that various changes may be made and 
equivalents may be substituted without departing from the 
Scope of the present invention. In addition, many modifica 
tions may be made to adapt a particular situation or material 
to the teachings of the present invention without departing 
from its scope. Therefore, it is intended that the present inven 
tion not be limited to the particular embodiment disclosed, 
but that the present invention will include all embodiments 
falling within the scope of the appended claims. 

What is claimed is: 
1. A method for processing signals, the method compris 

ing: 
in a transmitting station comprising a plurality of transmit 

ting antennas: 
generating a plurality of transmit chain signals corre 

sponding to said plurality of transmitting antennas 
based on a plurality of data stream signals; 

determining a per-antenna gain factor for each of said 
plurality of transmitting antennas based on one or 
more maximum per-antenna threshold levels and/or a 
maximum total-power threshold level; and 

generating a plurality of transmitted signals based on 
said determined per-antennagain factors and said plu 
rality of transmit chain signals. 
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2. The method according to claim 1, comprising determin 
ing a transmit chain power level for each of said plurality of 
transmit chain signals. 

3. The method according to claim 2, comprising computing 
said transmit chain power level for each of said plurality of 
transmit chain signals based on a Summation, wherein said 
Summation is based on a corresponding plurality of beam 
forming coefficients. 

4. The method according to claim3, comprising computing 
said corresponding plurality of beam forming coefficients 
based on feedback information. 

5. The method according to claim 2, comprising selecting 
clipping antennas from said plurality of transmitting anten 
nas, wherein for each of said clipping antennas, an amplified 
said transmit chain power level is greater than a correspond 
ing maximum per-antenna threshold level. 

6. The method according to claim 5, comprising determin 
ing a clipping per-antennagain factor for each of said clipping 
antennas based on said corresponding maximum per-antenna 
threshold level. 

7. The method according to claim 6, comprising computing 
said clipping per-antenna gain factor for each of said clipping 
antennas based on a ratio of said corresponding maximum 
per-antenna threshold leveland a corresponding said transmit 
chain power level. 

8. The method according to claim 7, comprising generating 
at least a portion of said plurality of transmitted signals based 
on said plurality of transmit chain signals corresponding to 
said clipping antennas and said clipping per-antenna gain 
factors for said clipping antennas. 

9. The method according to claim 5, comprising determin 
ing a residual power level to be allocated among non-clipping 
antennas comprising remaining ones of said plurality of 
transmitting antennas based on said maximum total-power 
threshold level, said one or more maximum per-antenna 
threshold levels and said clipping antennas. 

10. The method according to claim 9, comprising comput 
ing said residual power level by computing a Summation 
value based on said one or more maximum per-antenna 
threshold level corresponding to said clipping antennas and 
Subtracting said computed Summation value from said maxi 
mum total-power threshold level. 

11. The method according to claim 9, comprising deter 
mining a non-clipping antenna gain factor for said non-clip 
ping antennas based on said residual power level. 

12. The method according to claim 11, comprising com 
puting said non-clipping per-antenna gain factor for each of 
said non-clipping antennas based on a ratio of said residual 
power level and an aggregate transmit chain power level. 

13. The method according to claim 12, comprising com 
puting said aggregate transmit chain power level based on a 
Summation of said transmit chain power levels corresponding 
to said non-clipping antennas. 

14. The method according to claim 11, comprising gener 
ating at least a portion of said plurality of transmitted signals 
based on said non-clipping per-antenna gain factor and said 
plurality of transmit chain signals corresponding to said non 
clipping antennas. 

15. The method according to claim 1, comprising generat 
ing said plurality of transmit chain signals based on a plurality 
of beam forming coefficients. 

16. The method according to claim 15, comprising receiv 
ing feedback information Subsequent to said generating said 
plurality of transmitted signals. 
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17. The method according to claim 16, comprising gener 
ating a plurality of modification beam forming coefficients 
based on said received feedback information. 

18. The method according to claim 17, comprising gener 
ating a Subsequent plurality of transmit chain signals based on 
said plurality of beam forming coefficients and/or said plural 
ity of modification beam forming coefficients. 

19. The method according to claim 18, comprising gener 
ating a Subsequent plurality of transmitted signals based on 
said determined per-antenna gain factors and said Subsequent 
plurality of transmit chain signals. 

20. The method according to claim 17, wherein said plu 
rality of modification beam forming coefficients is repre 
sented as a precoding matrix. 

21. A system for processing signals, the system compris 
ing: 

one or more circuits for use in a transmitting station com 
prising a plurality of transmitting antennas, said one or 
more circuits enable: 
generation of a plurality of transmit chain signals corre 

sponding to said plurality of transmitting antennas 
based on a plurality of data stream signals; 

determination of a per-antenna gain factor for each of 
said plurality of transmitting antennas based on one or 
more maximum per-antenna threshold levels and/or a 
maximum total-power threshold level; and 

generation of a plurality of transmitted signals based on 
said determined per-antennagain factors and said plu 
rality of transmit chain signals. 

22. The system according to claim 21, wherein said one or 
more circuits enable determination of a transmit chain power 
level for each of said plurality of transmit chain signals. 

23. The system according to claim 22, wherein said one or 
more circuits enable computation of said transmit chain 
power level for each of said plurality of transmit chain signals 
based on a Summation, wherein said Summation is based on a 
corresponding plurality of beam forming coefficients. 

24. The system according to claim 23, wherein said one or 
more circuits enable computation of said corresponding plu 
rality of beam forming coefficients based on feedback infor 
mation. 

25. The system according to claim 22, wherein said one or 
more circuits enable selection of clipping antennas from said 
plurality of transmitting antennas, wherein for each of said 
clipping antennas, an amplified said transmit chain power 
level is greater than a corresponding maximum per-antenna 
threshold level. 

26. The system according to claim 25, wherein said one or 
more circuits enable determination of a clipping per-antenna 
gain factor for each of said clipping antennas based on said 
corresponding maximum per-antenna threshold level. 

27. The system according to claim 26, wherein said one or 
more circuits enable computation of said clipping per-an 
tenna gain factor for each of said clipping antennas based on 
a ratio of said corresponding maximum per-antenna threshold 
level and a corresponding said transmit chain power level. 

28. The system according to claim 27, wherein said one or 
more circuits enable generation of at least a portion of said 
plurality of transmitted signals based on said plurality of 
transmit chain signals corresponding to said clipping anten 
nas and said clipping per-antenna gain factors for said clip 
ping antennas. 

29. The system according to claim 25, wherein said one or 
more circuits enable determination of a residual power level 
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to be allocated among non-clipping antennas comprising 
remaining ones of said plurality of transmitting antennas 
based on said maximum total-power threshold level, said one 
or more maximum per-antenna threshold levels and said clip 
ping antennas. 

30. The system according to claim 29, wherein said one or 
more circuits enable computation of said residual power level 
by computing a Summation value based on said one or more 
maximum per-antenna threshold level corresponding to said 
clipping antennas and Subtracting said computed Summation 
value from said maximum total-power threshold level. 

31. The system according to claim 29, wherein said one or 
more circuits enable determination of a non-clipping antenna 
gain factor for said non-clipping antennas based on said 
residual power level. 

32. The system according to claim 31, wherein said one or 
more circuits enable computation of said non-clipping per 
antenna gain factor for each of said non-clipping antennas 
based on a ratio of said residual power level and an aggregate 
transmit chain power level. 

33. The system according to claim 32, wherein said one or 
more circuits enable computation of said aggregate transmit 
chain power level based on a Summation of said transmit 
chain power levels corresponding to said non-clipping anten 
aS. 

34. The system according to claim 31, wherein said one or 
more circuits enable generation of at least a portion of said 
plurality of transmitted signals based on said non-clipping 
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per-antenna gain factor and said plurality of transmit chain 
signals corresponding to said non-clipping antennas. 

35. The system according to claim 21, wherein said one or 
more circuits enable generation of said plurality of transmit 
chain signals based on a plurality of beam forming coeffi 
cients. 

36. The system according to claim 35, wherein said one or 
more circuits enable reception offeedback information sub 
sequent to said generating said plurality of transmitted sig 
nals. 

37. The system according to claim 36, wherein said one or 
more circuits enable generation of a plurality of modification 
beam forming coefficients based on said received feedback 
information. 

38. The system according to claim 37, wherein said one or 
more circuits enable generation of a Subsequent plurality of 
transmit chain signals based on said plurality of beam forming 
coefficients and/or said plurality of modification beam form 
ing coefficients. 

39. The system according to claim 38, wherein said one or 
more circuits enable generation of a Subsequent plurality of 
transmitted signals based on said determined per-antenna 
gain factors and said Subsequent plurality of transmit chain 
signals. 

40. The system according to claim 37, wherein said plural 
ity of modification beam forming coefficients is represented 
as a precoding matrix. 
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